INTRODUCTION
Dendritic cells (DCs) are essential antigen (Ag)-presenting cells that have critical roles in orchestrating immune responses, linking innate information mediated by recognizing invading pathogens through a variety of pattern recognition receptors (PRRs), such as Toll-like receptors (TLRs), to tailored adaptive responses. [1] [2] [3] DCs are represented by two major lineages, classical or conventional DCs (cDCs) and plasmacytoid DCs (pDCs). [1] [2] [3] cDCs have outstanding capacity to prime naive T cells to generate various types of effector T (T eff ) cells owing to the prominent expression of major histocompatibility complex class (MHC) II and costimulatory molecues. [4] [5] [6] On the other hand, pDCs are specialized in endosomal TLR7/9-mediated recognition of viral nucleic acids (NAs) and respond with the massive secretion of type I interferon (IFN-I). [7] [8] [9] Therefore, pDCs have been considered as important mediators of antiviral responses. [7] [8] [9] Furthermore, recent studies have suggested that the activation of pDCs by recognition of self-NA causes elevated IFN-I levels, 10 and this process contributes to the induction of pathogenesis in psoriasis 11 and systemic lupus erythematosus (SLE).
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The intestine is the largest compartment of the immune system that is lined by a single layer of epithelium harboring commensal bacteria. 15, 16 The gut microbiota contains 10 14 microorganisms, including at least 10 3 different species. 15, 16 The intestinal immune system has to balance protective immune responses to potentially pathogenic microorganisms with nonresponsiveness to commensal bacteria and dietary Ags to maintain immune homeostasis in this environment.
(CD) and ulcerative colitis (UC) in humans. [19] [20] [21] [22] Clinical and experimental evidence suggests that the etiology of IBD is complex and multifactorial, involving susceptibility genes and environmental factors, such as commensal microflora and their products as well as fed Ags, and their interaction leads to aberrant or dysregulated intestinal inflammatory immune responses. [19] [20] [21] [22] IBD displays chronic symptoms of abdominal pain, diarrhea, and bleeding in the gastrointestinal tract, in which CD primarily affects the small intestine and colon, whereas UC affects only the colon. 21 A number of studies have been instrumental in defining the fundamental immunological aspects that lead to colonic inflammation in different models of experimental colitis, including acute colitis induced by a single cycle of dextran sodium sulfate (DSS) administration, which is believed to cause the destruction of gut epithelial cells (ECs) of the basal crypts and affect the integrity of the mucosal barrier, resulting in the translocation of luminal microbiota into the lamina propria (LP). [23] [24] [25] It has been shown that DSS-induced chronic colitis can be mediated by several subsets of intestinal innate phagocytic cells mobilized into the inflamed colon, such as monocytes/macrophages and cDCs, to sense pathogenassociated molecular patterns of the enteric bacterial flora and damage-associated molecular pattern molecules released from host dying cells through a variety of PRRs, and the occurrence of the intestinal pathogenesis is independently of T cells. [26] [27] [28] On the other hand, previous studies have shown the lack of peripheral blood pDCs in patients with active IBD, and instead their accumulation in the inflamed colonic mucosa and mesenteric lymph node (MLN) and dysfunction. 29, 30 However, how pDCs contribute to the development of IBD remains unclear.
To address the role of pDCs in the control of immune responses in vivo, we have previously generated Siglec-Hdiphtheria toxin (DT) receptor (DTR) knock-in mice, which harbors the expression of DTR under the control of the Siglech gene, allowing almost complete depletion of Siglec-H þ pDCs in the lymphoid tissue by DT treatment (referred to as pDCablated mice), and demonstrated that pDCs have an important role in the control of inflammation and T-cell response as well as initiation and exacerbation of IFN-I-associated autoimmune diseases. 31, 32 In this study, we report that pDCs are requisite for the development of DSS-induced colitis using pDC-ablated mice. We further demonstrate that the accumulation of pDCs into LP has a crucial role in the recruitment of inflammatory monocytes/macrophage and cDCs into the inflamed colon, and that amplify the intestinal inflammation. Thus, our findings define a crucial role of pDCs in the development of acute colitis through the control of intestinal inflammatory responses.
RESULTS pDC exacerbates acute colitis induced by a single-cycle administration of DSS
In line with our previous reports, 31, 32 pDC-ablated mice that express DTR under the control of the Siglech gene showed almost complete and specific elimination of CD11c int BST2 þ pDCs, which expressed B220 but not CD11b, among CD45.2 þ CD64 À leukocytes in the spleen (Spl) and MLN as well as colonic LP after single DT injection ( Figure 1 ; data not shown). On the other hand, pDC-ablated mice had normal frequency of CD11c high BST2 À cDCs in these tissues compared with wildtype (WT) mice (Figure 1) .
To address the role of pDCs in the initiation and progression of acute colitis, pDC-ablated mice were given 2% DSS in drinking water for 7 day, and disease progression was daily monitored. After DSS treatment, WT mice manifested as a clinical symptom of acute colitis, including body weight (BW) loss and the disease activity index (DAI) marked by diarrhea and rectal bleeding as well as colonic atrophy (Figure 2a-d) . On the other hand, pDC-ablated mice exhibited the ameliorated clinical symptom of acute colitis as compared with WT mice (Figure 2a-d) , whereas the reconstitution of pDC-ablated mice with WT pDCs restored this pathogenesis (Figure 2e-h and Supplementary Figures S1a,b online). Furthermore, pDCablated mice were more resistant to lethality induced by acute colitis than WT mice, and this lethality was correlated with the less clinical symptom during 14 days after initiation of DSS application (Supplementary Figure S1c,d) .
We also examined the contribution of cDCs in the development of DSS-induced acute colitis using CD11c-DTR/enhanced green fluorescent protein (EGFP) transgenic (Tg) mice, 33 in which CD11c high BST2 À cDCs, but not CD11c int BST2 þ pDCs, were depleted in Spl, MLN, and colonic LP after single DT injection (referred to as cDCablated mice; Supplementary Figure S1e) . Similar to the published report, 26 cDC-ablated mice showed less symptom of acute colitis induced by a single cycle of DSS administration than WT mice, whereas there was no significant difference in the attenuation of the development of acute colitis between cDC-ablated and pDC-ablated mice (Supplementary Figure  S1f,g ).
Collectively, these results indicate that the deficiency of pDCs as well as cDCs attenuates the initiation and progression of DSS-induced acute colitis.
pDCs accelerate DSS-induced colonic inflammation
To clarify how pDCs contribute to the development of DSSinduced acute colitis, we examined the colonic pathological changes after oral DSS administration. Histological analysis of the sections from large intestine showed that DSS treatment caused colonic inflammation and tissue damage, including EC injury, mucosal ulceration, and massive leukocytic infiltration in WT mice. In contrast, pDC-ablated mice showed a lower pathological severity than WT mice following DSS application (Figure 3a,b) .
To further evaluate colonic inflammation caused by DSS treatment, we analyzed the production of proinflammatory cytokines in colonic explants from DSS-treated mice. Colonic explants from DSS-treated WT exhibited the production of tumor necrosis factor-a, interleukin-6 (IL-6), IL-12p40, and IFN-g, whereas the production of these proinflammatory cytokines was markedly reduced in those from pDC-ablated mice when compared with WT mice (Figure 3c) .
Taken together, these results indicate that the deficiency of pDCs improves DSS-induced colonic tissue disruption and inflammation.
As pDCs have shown to control certain immune responses through the production of IFN-I, [7] [8] [9] [10] [11] [12] [13] [14] we assessed the contribution of the IFN-I signaling to the control of the development of acute DSS-induced colitis using Ifnar1 À / À mice, which lacking IFN-a/b receptor I (IFNAR1). 34 Unexpectively, there was no substantial difference in the BW loss between WT and Ifnar1 À / À mice following oral DSS administration (Supplementary Figure S2a) . Furthermore, the disease progression was also comparable between pDC-ablated and Ifnar1 Figure S2b) . Although oral administration of DSS enhanced the transcriptional expression of Ifnb alone in colonic explants from WT mice, similar transcriptional expression levels of Ifna and Ifnb were observed in those from both DSS-fed WT and pDC-ablated mice (Supplementary Figure S2c) .
Collectively, these results indicate that the regulation of DSSinduced colonic inflammation in the absence of pDCs is not affected by the deficency of IFNAR1. Figure S3 ) to discriminate pDCs from other leukocytes in colonic LP (Figure 4a) . Although pDCs barely existed in colonic LP under steady-state conditions, DSS treatment triggered the accumulation of pDCs in these intestinal mucosal tissues in WT mice, whereas the number of pDCs in the MLN was decreased inversely (Figure 4b and Supplementary Figure S3) . Similarly, oral administration of DSS also induced the mobilization of I-A/I-E (MHC class II)
þ CD11c high CD64 À cDCs (R2: Supplementary Figure S3 ), Figure S3) , and I-A/I-E À CD11b þ Ly6C high inflammatory monocytes (R4: Supplementary Figure S3) into the inflamed colonic LP and MLN (Figure 4c- We further compared the cell surface expression of various molecules on pDCs in Spl, MLN, and colonic LP in WT mice before and after DSS treatment. In the steady-state conditions, pDCs in Spl and MLNs expressed Siglec-H, CD62L, CXCR3, and C-C chemokine receptor 2 (CCR2) as well as CCR9 and a4b7, which are known as gut-homing receptors 35 ( Figure To clarify how pDCs mobilize into inflamed colonic LP, we examined the transcriptional expressions of chemokines in colonic explants from untreated and DSS-treated WT mice ( Figure 5 ). The transcriptonal expression levels of Ccl2 (Mcp1),
and Cxcl11 (Itac) were enhanced in colonic explants during the development of DSSinduced acute colitis in WT mice.
Taken together, these results indicate that pDCs accumulate in the inflamed colonic LP possibly mediated through chemokine-dependent trafficking.
pDCs mobilize into the DSS induce inflamed LP independent of lymphatic trafficking It has been shown that pDCs can accumulate in the peripheral LN tissues with their transit time, which is regulated by lysophospholipid sphingoshine-1-phosphate (S1P) and its receptors (S1PRs), both under homeostatic conditions and during viral infection, associating with a reduction of circulating pDCs in the blood. 36 To further address whether pDCs utilize S1PR-mediated signaling for entry into the inflamed colon from peripheral and mucosal other LNs, we examined the influence of FTY720, an agonist for S1PRs to inhibit leukocyte egress from LNs, 36 and pDC-ablated mice (n ¼ 4) that had been treated with DT on 1 day before DSS treatment and day 3 after the start of the treatment were orally administrated with 2% DSS for 7 days, and the disease progression was monitored. Changes in BW (a), DAI (b), the picture of colon (c), and length of colon (d) were plotted. (e-h) pDC-ablated mice (n ¼ 4) that had been treated with DT and adoptively transferred with or without CD45.1 þ WT pDCs as prepared above on 1 day before DSS treatment and day 3 after the start of the treatment were orally administrated with 2% DSS for 7 days. (e) The frequency of CD45.1 þ cells in the colonic LP was analyzed by flow cytometry on day 7 after the start of DSS treatment. Data are presented as a dot plot, and numbers represent the proportion of the indicated cell populations among B220
þ CD11b À cells in each quadrant. (f-h) Changes in BW (f), DAI (g), and the picture of colon (h) were plotted. Data are the mean ± s.d. from three individual samples in a single experiment. *Po0.01 compared with WT mice. All data are representative at least three independent experiments. BW, body weight; DAI, disease activity index; DT, diphtheria toxin; DSS, dextran sodium sulfate; LP, lamina propria; pDC, plasmacytoid dendritic cell; WT, wild type.
Taken together, these results indicate that pDCs mobilize into the inflamed colonic LP independent of S1PR-mediated signaling.
pDCs promote the mobilization of inflammatory phagocytes into the inflamed colon LP Given the contribution of pDCs to intestinal inflammation for the development of acute colitis, we asked whether pDCs would have an influence on the recruitment of inflammatory phagocytes on day 7 after the start of DSS treatment. Although DSS treatment induced the recruitment of CD11b þ cells to the inflamed colonic LP in WT mice, pDC-ablated mice exhibited the reduction of this infiltration of myeloid cells (Figure 7a and Supplementary Figure S3) . Immunohistochemical analysis also demonstrated that CD11b þ cells infiltrated into both LP and intraepithelial region in the inflamed colon of WT mice, whereas their accumulations were diminished in pDC-ablated mice ( Figure 7b) .
We further assessed the role of pDCs in the accumulation of cDCs, macrophages and inflammatory monocytes as well as other leukocytes in the inflamed colon LP in DSS-induced acute colitis. DSS treatment triggered the recruitment of
þ macrophages, and I-A/I-E À CD11b þ Ly6C high inflammatory monocytes as well as lymphocytes, including CD3e þ T cells and CD19
þ B220 þ B cells in WT mice (Figure 7c and Supplementary Figure S3) . In contrast, these mobilizations of
þ macrophages, and I-A/I-E À CD11b þ Ly6C high inflammatory monocytes into the inflamed colonic LP were attenuated in pDC-ablated mice when compared with WT mice, whereas the infiltrations of I-A/I-E À CD11b þ Ly6G þ neutrophils and I-A/I-E À CD11b þ Siglec-F þ eosinophils as well as lymphocytes were comparable between WT and pDC-ablated mice ( Figure 7c and Supplementary Figure S3) . We also observed similar frequency of CD4 þ effector T (T eff ) cells, including IFN-g-producing CD4
þ T cells (T-helper 1; T H 1 cells) and IL-17-producing CD4 þ T cells (T H 17 cells), as well as CD4 þ Foxp3 þ regulatory T (T reg ) cells in the inflamed colon between WT and pDC-ablated mice (Supplementary Figure S7) .
Collectively, these results indicate that the deficiency of pDCs inhibits the recruitment of inflammatory phagocytes to the inflamed colon.
The development of acute colitis reportedly requires the mobilization and accumulation of macrophage and inflammatory monocytes into the inflamed colon through the local production of CCR2 ligands by colonic ECs (cECs), such as CCL2, CCL7, and CCL8. 27, 28 We therefore compared the colonic production of CCR2 ligands between WT and pDCablated mice following DSS treatment. pDC-ablated mice exhibited the marked reduction of the transcriptional expressions of Ccl2, but not Ccl7 and Ccl8, in colon explants after oral administration of DSS than WT mice (Figure 7d) . Indeed, the production of CCL2 from colonic explants was much lower in pDC-ablated mice than WT mice following DSS treatment (Figure 7e) .
Collectively, these results indicate that the deficiency of pDCs reduces the production of CCL2 in the inflamed colon.
DISCUSSION
Although the contributions of intestinal monocytes/macrophages and cDCs in the inflamed colon have been appreciated for the development of T-cell-independent acute colitis, [26] [27] [28] the mechanism responsible for the control of colonic inflammation and the function of distinct subsets of colitogenic phagocytes is still elusive. In this study, we revealed a critical function for pDCs in the induction of the mucosal inflammation that regulate the colonic accumulation of inflammatory phagocytes, leading to the initiation and aggravation of acute colitis.
The contributions of certain subpopulations of DC and macrophage lineages to the regulation of the development of acute colitis have been elucidated by utilizing Tg mouse lines endowed with the expression of DTR under the control of DCor macrophage-related genes, such as Itgax, 26 Cd169,
28,37
Clec4a4, 37 and Clec9a, 37 whereas the phenotype of Batf3 deficiency did not show any exacerbated inflammation during acute colitis. 38 Series of our studies have shown that pDCablated mice exhibited a near-complete and specific elimination of pDCs in the lymphoid tissues following DT treatment, but they retained other leukocytes, including cDC subsets. 31, 32 Analysis of pDC-ablated mice revealed that the development of DSS-induced acute colitis was attenuated in the absence of pDCs. Although we would not absolutely rule out the possibility that some minor unidentified populations of Siglec-H þ hematopoietic cells affecting extent and severity of acute colitis might be ablated in pDC-ablated mice, the amelioration of clinical symptom of acute colitis in pDCablated mice was overcome by reconstitution with pDCs. Thus, these findings strongly suggest that pDCs as well as cDCs are prerequisite for the initiation and aggravation of DSS-induced acute colitis. However, the milder development of DSS-induced acute colitis was occurred even in the absence of pDCs or cDCs, implying that other cell types, such as macrophages, inflammatory monocytes, neutrophils, and eosinophils are also participated in the development of T-cell-independent acute colitis as these leukocytes accumulated into the inflamed colonic LP.
Disruption of epithelial barrier and subsequent translocation of luminal microbiota into LP have been suggested to provoke intestinal inflammation mediated by the production of cytokines from host myeloid cells. [26] [27] [28] Notably, the deficiency of pDCs abrogates colonic inflammation and pathological symptom of acute colitis as well as infiltration of inflammatory leukocytes into inflamed colon in DSS-fed mice. We have previously shown that pDCs could be the primary inflammatory cells to produce cytokines upon recognition of appropriate endosomal TLR ligands and viral components for the induction of systemic inflammation. 31, 32 Collectively, these findings suggest that pDCs are required for initiation of DSS-induced colonic inflammation and tissue damage possibly mediated through the control of mucosal production of proinflammatory cytokines. On the other hand, Mizuno et al. 39 have recently suggested that CCR9 þ pDCs in the small intestine (SI) suppress the development of murine spontaneous intestinal inflammation as CCR9 þ pDCs preferentially resided in the SI in the steady state, and Ccr9 À / À Rag-2 À / À mice developed more severe ileitis compared with Rag-2 À / À mice when these mice were adoptively transferred with CD4 
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DSS * * * * * * * * * * * * * * * * * * * * * Figure 4 pDCs accumulate in the colon LP after oral administration of DSS. (a) WT (n ¼ 4) and pDC-ablated mice (n ¼ 4) that had been treated with DT on 1 day before DSS treatment and day 3 after the start of the treatment were orally administrated with or without 2% DSS for 7 days, and then the frequency of pDCs in colonic LP was analyzed by flow cytometry on day 7 after the start of DSS treatment. Data are represented as a dot plot, and numbers represent the proportion of B220 þ CD11b À CD11c int BST2 þ pDCs among CD45.2 þ leukocytes. (b-e) WT mice (n ¼ 4) that had been treated with DT on 1 day before DSS treatment and day 3 after the start of the treatment were orally administrated with or without 2% DSS for 7 days, and absolute cell numbers of B220 
of CCR9
þ pDCs to the regulation of the ileitis. This discrepancy regarding the role of pDCs in the control of the intestinal inflammation might be due to the different experimental designs (e.g., our T-cell-independent vs. their T-cell-dependent murine models), although the precise reasons are still unclear.
Although IFN-I has been shown to mediate the regulatory role of pDCs in the control of several immune responses by affecting various functions of hematopoietic and non-hematopoietic cells, [7] [8] [9] [10] [11] [12] [13] [14] analysis of Ifnar1 À / À and Ifnar1 À / À pDCablated mice showed that the deficiency of Ifnar1 in the presence or absence of pDCs had no apparent effect on the clinical symptom of DSS-induced acute colitis. Furthermore, the colonic production of IFN-I did not change under both DSS-induced inflamed and noninflamed conditions in the absence of pDCs, implying that stromal cells and ECs 40 might be responsible for the enhanced production of IFN-b in the DSS-induced inflamed colon. Similar to IFN-I treatment of IBD patients with mixed results, in which a few of clinical studies initially reported promising results but most of these studies failed to demonstrate beneficial therapeutic effect or showed even exacerbations, 41 previous reports showed some controversies for the role of IFN-I signaling in the development of
DSS-induced colitis when Ifnar1
À / À mice were used for the comparison of WT mice. 26, 42, 43 The reason why the IFN-I signaling has inconsistency for the control of DSS-induced acute colitis remains unclear, but the discrepancies might be explained by amount of oral application of DSS, 43 experimental conditions, and environmental factors. Taken together, these results suggest that pDCs regulate the colonic inflammation independent of their pathophysiological production of IFN-I.
Despite extensive literature on the recruitment of the subpopulations of myeloid cells into the inflamed colon, [26] [27] [28] the accumulation of pDCs in the inflamed mucosal tissues in the progression of acute colitis remains to be determined. Whereas pDCs rarely existed in colonic LP under homeostatic conditions, they mobilized into the inflamed colon upon DSS treatment, that was similar to that observed for cDCs as well as macrophages and inflammatory monocytes. Different from those of these inflammatory phagocytes, the proportion of pDCs was decreased in MLN in the progression of acute colitis, suggesting that pDCs could migrate from MLNs into other tissues and/or circulatory systems. Furthermore, mucosal pDCs expressed both several gut-homing receptors and inflammatory chemokine receptors, whereas their expression levels of MHC and costimulatory molecules did not change under steady-state and inflammatory conditions triggered by DSS treatment. On the other hand, oral application of DSS upregulated the production of multiple inflammatory chemokines in the inflamed colon. Therefore, these results suggest that pDCs accumulate into the inflamed colonic LP by utilizing the integration of the gut-homing receptors and inflammatory chemokine receptors without altering their ability to generate CD4 þ T eff cells and CD4 þ Foxp3 þ T reg cells during the development of acute colitis.
Accumulation of pDCs in the secondary LN tissues and their egress into lymphatic vessels has been reportedly regulated by S1P-dependent mechanism for migration as they selectively S1P4 among S1PRs. 36 However, treatment with FTY720 failed to control the accumulation of pDCs as well as cDCs and inflammatory monocytes in colonic LP under homeostatic and inflammatory conditions caused by the administration of DSS. In contrast, systemic administration of FTY720 or oral application of DSS suppressed the accumulation of pDCs in MLN under steady-state or inflammatory conditions, which were different from the influence of FTY720 or DSS on the retention of cDCs and inflammatory monocytes within MLN. On the other hand, FTY720 treatment abrogated the DSSinduced enhanced accumulation of T cells in the inflamed colonic LP, whereas it had no effect their retention in MLNs, implying that T cells might recruit into the inflamed colonic LP from other secondary LN tissues than MLN. Thus, these findings suggest that pDCs as well as cDCs and inflammatory monocytes accumulate into the inflamed colonic LP through hematogenous mobilization rather than S1P4-dependent lymphatic trafficking, whereas pDCs mobilized into MLN through blood and lymphatic vessels under homeostatic and mucosal inflammatory conditions.
Among various types of hematopoietic cells infiltrating into inflammatory mucosal tissues, the accumulation of monocytes/ macrophages and cDCs in the inflamed colon has been considered as key phase to induce T-cell-independent acute colitis mediated through the intestinal production of CCR2 ligands. 27, 28 However, how the mobilization of these inflammatory phagocytes is regulated remains to be determined. Importantly, the deficiency of pDCs markedly impaired the recruitment of inflammatory monocytes/macrophages and cDCs, but not other leukocytes, into the inflamed colonic LP after DSS treatment. Furthermore, the cEC-derived mucosal production of CCL2, but not other CCR2 ligands, was specifically diminished in the absence of pDCs under DSSinduced inflammatory conditions. Collectively, these results suggest that pDCs act as upstream regulators to recruit some populations of CCR2 þ inflammatory phagocytes to the inflamed colon possibly mediated by the control of cEC-derived mucosal production of CCL2. On the other hand, the intestinal inflammation and accumulation of the phagocytes were still observed under the deficiency of pDCs or CCR2. 27 These phenomena imply that pDC-and/or CCL2-independent axis might also control the colonic mobilization of inflammatory phagocytes for the development of intestinal inflammation.
In conclusion, we describe that pDCs have a crucial role in the initiation and exacerbation of T-cell-independent acute colitis mediated by promoting intestinal inflammation. Our findings suggest that pDCs function as the primary and central cells to regulate the mobilization of colitogenic phagocytes into the inflamed intestinal tissues for the progression of colonic inflammation upon sensing epithelial injury triggered by genetic and environmental factors during the development of acute colitis, and therefore they are instrumental in regulating gut mucosal immune homeostasis. Thus, pDCs represent an attractive valid cellular target for the intervention and treatment of IBD to improve outcome for these patients.
METHODS
Mice. The following 8-12-week-old female mice were used in this study: C57BL/6 (Clea Japan, Tokyo, Japan), B6.CD45.1 (Charles River Laboratories, Portage, MI), B6.FVB-Tg
Itgax À DTR/EGFP Lan/J (CD11c-DTR/EGFP) 33 (referred to as cDC-ablated mice), and B6.Ifnar1
À / À mice. 34 B6.Cg-Siglech otm1.1Ksat4 mice (B6.Siglec-H-DTR mice) generated as described previously 31 were deposited in RIKEN BioResource Center (accession number; RBRC05658), and their littermates were used as WT mice. For the systemic ablation of cDCs or pDCs, B6.CD11c-DTR/EGFP mice or B6.Siglec-H-DTR mice were intraperitoneally (i.p.) injected with DT (100 ng per mouse or 1 mg per mouse, respectively; Sigma-Aldrich, St. Louis, MO) on 1 day before DSS treatment and day 3 after the start of the treatment. B6.WT mice were also treated with DT as controls. In some experiments, B6.Siglec-H-DTR mice were i.p. injected with DT (1 mg per mouse) on day 4 after initiation of DSS application. B6. Ifnar1 À / À Siglec-H-DTR mice were bred in-house by crossing B6.Siglec-H-DTR mice with B6.Ifnar1 À / À mice. All mice were bred and maintained in specific pathogen-free conditions in the animal facility at University of Miyazaki, and all experiments were performed in accordance with institutional guidelines of the Animal Experiment Committee and Gene Recombination Experiment Committee.
Cell isolation and culture. To prepare single-cell suspensions, Spl and MLN were digested with 400 U ml À 1 collagenase type III (Worthington Biochemical, Lakewood, NJ) at 37 1C for 20 or 40 min, respectively, and were ground between glass slides. Splenocytes were treated with red blood cell lysis buffer (Sigma-Aldrich) before suspension. Bone marrow (BM) cells were flushed from the femurs and tibias. Single-cell suspensions were obtained by forcing through a 40-mm cell strainer (BD Biosciences, San Jose, CA). For the isolation of colonic LP leukocytes, 31 large intestines were opened longitudinally, washed to remove fecal content, and cut into small pieces. To remove ECs, intestinal segments were treated in phosphate-buffered saline (PBS) containing 10% fetal calf serum (FCS), 20 mM HEPES, 100 U ml À 1 penicillin, 100 mg ml À 1 streptomycin, 1 mM sodium pyruvate, 20 mM EDTA, and 10 mg ml À 1 polymyxin B (Calbiochem, Billerica, MA) with continuous stirring at 37 1C for 20 min in a water bath. After wash with PBS, remaining tissues were incubated with 400 U ml À 1 collagenase type III, 250 mU ml À 1 dispase (Life Technologies, Carlsbad, CA), and 100 mg ml À 1 DNase I (Roche Diagnostics, Basel, Switzerland) for 20-30 min at 37 1C in a water bath. The cell suspension was prepared by forcing through a 100-mm cell strainer, washed with PBS, resuspended in 10 ml of 30% Percoll (GE Healthcare, Chicago, IL), and overlaid on 2 ml of 70% percoll in a 15-ml tube. Percoll gradient separation was performed by centrifugation at 780 g for 20 min at room temperature. The LP leukocytes were collected at the interface of the Percoll gradient and washed with RPMI-1640/10% FCS, and used immediately for experiments. In some experiments,
þ I-A/I-E þ pDCs with 499% purity were prepared by culturing BM cells obtained from B6.CD45.1 mice with human Flt3-L (50 ng ml À 1 , Wako Pure Chemical Industries, Osaka, Japan) for 8 days as described elsewhere followed by purification using a FACSAriaII cell sorter with fluorescein-conjugated monoclonal antibodies (mAbs; BD Biosciences, San Jose, CA). , and Siglec-F (ES22-10D8; Miltenyi Biotec, Bergisch Gladbach, Germany). Intranuclear Foxp3 staining was performed as previously described. 31 For the intracellular expression of cytokines, 31 cells were incubated for 4 h with phorbol 12-myristate 13-acetate (50 ng ml À 1 ; Sigma-Aldrich) and ionomycin (500 ng ml À 1 ; Sigma-Aldrich) plus GolgiPlug (BD Biosciences) during the final 2 h. Subsequently, the cells were resuspended in Fixation-Permeabilization solution (eBioscience) and intracellular cytokine staining was carried out according to the manufacturer's directions. Fluorescence staining was analyzed with a FACSVerse flow cytometer (BD Biosciences) and FlowJo software (Tree star, Ashland, OR). In some experiments, flow cytometry analysis for the identification of leukocytes in the intestinal tissues was performed according to the previous reports 27, 28, 44 with some modifications.
DSS-induced experimental colitis. Induction and evaluation of DSS-induced colitis were performed according to the previous reports [26] [27] [28] 45, 46 with some modifications. In brief, mice were given 2% DSS (molecular weight 36,000-50,000; ICN Biomedicals, Burlington, ON, Canada) dissolved in sterile distilled water for 7 days. BW, diarrhea (score: 0-3), and bleeding (0-3) were monitored daily. DAI was determined as combined score of diarrhea and bleeding (0-6) on day 7 after the start of DSS treatment. The photographs of colon were taken, and their lengths were measured on day 7 after the start of DSS treatment. Similarly, mice were orally administrated with 2% DSS for 7 days, then switched to normal drinking water, and the disease progression, including changes in BW and survival time, was monitored for 14 days. In some experiments, CD45.1 þ B220 þ CD11b À pDCs prepared as described above (5 Â 10 6 per mouse) were intravenously injected into mice on 1 day before DSS treatment and day 3 after the start of the treatment. Alternatively, mice received daily i.p. injection of FTY720 (1 mg kg À 1 per BW; Cayman chemical, Montigny-le-Bretonneux, France) from 1 day before DSS treatment to day 6 after the start of the treatment.
Culture of colon explants. Tissues from the middle colon obtained from untreated and DSS-treated mice on day 7 after the start of DSS treatment were isolated and rinsed in PBS, and cut into small segments (j4 mm) using disposable biopsy punches (Kai Industries, Tokyo, Japan). Colonic explants were cultured in 48-well tissue culture plates (BD Falcon, Franklin Lakes, NJ) in 500 ml of RPMI medium-1640 at 37 1C for 24 h in an atmosphere containing 5% CO 2 . Culture supernatants were collected and stored at À 30 1C until use.
Statistical analysis. Data are expressed as the mean ± s.d. from 3 to 10 individual samples in a single experiment, and we performed at least three independent experiments. The statistical significance of the differences between the values obtained was evaluated by analysis of variance. A P value of o0.01 was considered significant.
SUPPLEMENTARY MATERIAL is linked to the online version of the paper at http://www.nature.com/mi
